OBJECTIVES: To determine the prevalence and impact of common co-occurring symptoms among communitydwelling older adults in the United States. DESIGN: The National Health and Aging Trends Study is a nationally representative, prospective study with annual data collection between 2011 and 2017. SETTING: Community-based, in-person interviews (survey response rates, 71%-96%). PARTICIPANTS: A total of 7,609 community-dwelling Medicare beneficiaries, 65 years or older. MEASUREMENTS: Symptoms assessed at baseline include pain, fatigue, breathing difficulty, sleeping difficulty, depressed mood, and anxiety. Total symptom count ranged from zero to six. Several outcomes were examined, including grip strength, gait speed, and overall lower-extremity function as well as incidence of recurrent falls (two or more per year), hospitalization, disability, nursing home admission, and mortality. RESULTS: Prevalence of zero, one, two, three, and four or more symptoms was 25.0%, 26.6%, 20.7%, 14.0%, and 13.6%, respectively. Symptom count increased with advancing age and was higher in women than in men. Pain and fatigue were the most common co-occurring symptoms. Higher symptom count was associated with decreased physical capacity. For example, participants with one, two, three, and four or more symptoms had gait speeds that were 0.04, 0.06, 0.09, and 0.13 m/s slower, respectively, than those with no symptoms, adjusting for specific diseases, total number of diseases, and other potential confounders (P < .001). The risk of several adverse outcomes also increased with greater symptom count. For example, compared with those with no symptoms, the adjusted risk ratios for recurrent falls were 1.48 (95% confidence interval [CI] = 1.30-1.70), 1.54 (95% CI = 1.32-1.80), 1.90 (95% CI = 1.55-2.32), and 2.38 (95% CI = 2.00-2.83) for older adults with one, two, three, and four or more symptoms, respectively. CONCLUSIONS: Symptoms frequently co-occur among community-dwelling older adults and are strongly associated with increased risk of a range of adverse outcomes. Symptoms represent a potential treatment target for improving outcomes and should be systematically captured in health records. J Am Geriatr Soc 67:223-231, 2019.
S ymptoms are negative health-related experiences that are reported by patients but are not observable by clinicians. They account for most outpatient visits 1 and are among the leading causes of disability. 2, 3 Although symptoms can be attributed directly to certain diseases (eg, chest pain in acute myocardial infarction), they often have multiple causes (eg, fatigue in patients with knee osteoarthritis, depression, and heart failure). In addition, symptoms frequently co-occur and can reinforce each other over time. For example, the co-occurrence of pain and depression ranges from 30% to 50%, 4 and several prospective studies have shown bidirectional relationships between pain, insomnia, fatigue, and emotional distress. [5] [6] [7] [8] Although treatment of an individual symptom can be complicated by co-occurrence of other symptoms (eg, pain modifying the response to depression treatment 9 ), interventions that improve overall symptom burden are associated with subsequent improvement in patient-reported functioning. 10, 11 Taken together, optimal patient-centered care requires the assessment and management of multiple cooccurring symptoms.
The clinical significance of co-occurring symptoms has been demonstrated in specific patient populations (eg, breast cancer), 12, 13 but less work has been done in the general older adult population. Prior studies have reported associations of symptom burden with worse physical functioning in crosssectional analyses 14, 15 and have prospectively examined the risk of hospitalization and nursing home admission among older adults. [16] [17] [18] However, these previous studies were limited to clinic-based samples or specific geographic areas. Considering that older adults report symptoms as an underlying cause of disability 2 and rank symptom relief as a healthcare priority, 19 there is a need to characterize the burden of symptoms at a national level. Accordingly, the current study sought to determine the prevalence and impact of common cooccurring symptoms among community-dwelling older adults in the United States.
METHODS

Study Design and Population
The National Health and Aging Trends Study (NHATS) is an ongoing, prospective, cohort study designed to investigate trends in disability among older adults and is funded by the US National Institute on Aging. 20 A nationally representative sample of adults 65 years and older was drawn from the Medicare enrollment file on September 30, 2010, and baseline interviews and assessments were conducted with 7609 participants (538 were proxy respondents) living in the community or in residential care settings between May and November 2011. The baseline response rate was 71%. Follow-up rates for data collected annually in 2012, 2013, 2014, 2015, 2016 , and 2017 were 86%, 88%, 90%, 96%, 95%, and 95%, respectively. 20 Trained survey research staff conducted in-person interviews in the homes of study participants, including nursing homes during annual follow-up visits. Written informed consent was obtained from all study participants or their proxy respondents, and the study protocol was approved by the Johns Hopkins University Institutional Review Board.
Measures
Symptoms
Several questions were used to assess symptoms during the baseline interview. For pain, fatigue, and breathing difficulty, participants were asked the following three questions with yes/no response options: "In the last month, have you been bothered by pain?"; "In the last month, did you have low energy or were you easily exhausted?"; and "In the last month, did you have any breathing problems, including shortness of breath or difficulty breathing?" Two questions assessed frequency of sleep difficulty. Participants were considered to have sleep difficulty if they reported that "every night" or "most nights" in the past month that they (a) took 30 minutes or longer to fall asleep or (b) had trouble falling back to sleep after waking up early. Symptoms of depression and anxiety were assessed with the two-item Patient Health Questionnaire (PHQ-2) and two-item Generalized Anxiety Disorder scale (GAD-2), respectively. 21, 22 Total scores of three or more on the PHQ-2 and GAD-2 identified participants with depressed mood and anxiety, respectively. 21, 22 The total number of symptoms was computed for each participant (range, 0-6).
Outcomes
Several performance-based measures of physical capacity were assessed at baseline and at the annual follow-up visits. Grip strength was measured in kilograms by having participants squeeze a dynamometer as hard as they could. The maximum recorded strength from two trials was analyzed. Lower extremity function was assessed with the Short Physical Performance Battery (SPPB), which is a widely used summary measure that incorporates standing balance, gait speed, and ability to rise from a chair. 23, 24 The composite SPPB score ranges from 0 to 12, with higher values reflecting better lower extremity function. In addition, usual gait speed over a 3-m course was examined in meters/second as a separate variable given the salience of mobility in daily function and the direct impact that symptoms can have on walking. [25] [26] [27] The incidence of several outcomes relevant to the older adult population was also examined. Participants were asked if they had fallen in the past 12 months and, if so, had they fallen more than one time in the past 12 months (ie, recurrent falls). Hospitalizations were also recorded annually by asking participants, "Have you had an overnight hospital stay within the last 12 months?" A series of questions asked whether study participants received assistance in the past month with getting out of bed (ie, transferring), eating, getting cleaned up (bathing), using the toilet, and getting dressed. Those receiving assistance with any of these basic activities of daily living (ADLs) were considered disabled. Residence in a nursing home was determined through survey questions about housing type and services. For deceased participants, proxy respondents (usually a family member or caregiver) were asked about the sampled participant's last month of life, including his or her place of death (eg, in a nursing home). Nursing home admission was defined as living in a nursing home at the time of a follow-up interview or at the time of death. Mortality was identified through follow-up contacts and interviews with proxy respondents or residential care staff.
Other Variables
Age and sex were extracted from the Medicare enrollment file and confirmed during the baseline interview. Participants were asked to self-identify their race and ethnicity. Socioeconomic position was assessed in terms of the highest grade of education completed. A standard set of questions was used to determine smoking status (ie, never, former, or current smoker). Physical activity was assessed with two questions that asked whether participants walked for exercise or spent time doing vigorous activities that increased their heart rate and breathing in the past month. On the basis of these questions, participants were classified into one of three levels: does not exercise, walks for exercise, and exercises vigorously. Body mass index (BMI) was calculated using measured height and weight. Chronic medical conditions were assessed by asking participants if a physician has ever told them that they had any of the following: arthritis; osteoporosis; hip fracture; cancer; emphysema, asthma, or chronic bronchitis; myocardial infarction; heart disease/failure; diabetes; hypertension; stroke; or Alzheimer disease/dementia. The total number of chronic medical conditions was computed for each participant (range, 0-11). Cognitive function was assessed with three tests of verbal recall and orientation that were summed into a composite score ranging from 0 to 24, with higher scores indicating better function. 20 
Data Analysis
The total number of symptoms was categorized into zero, one, two, three, and four or more. The prevalence of individual symptoms and total number of symptoms were estimated using analytic weights that account for unequal probabilities of selection into the NHATS sample, including adjustment for nonresponse. Variance estimates were calculated using a Taylor series linearization that incorporated the complex sampling design of NHATS.
Adjusted Wald statistics were used to determine differences in the percentage distribution of symptom count across demographic and health characteristics. Linear regression was used to model the cross-sectional associations of symptom count with grip strength, gait speed, and SPPB scores at baseline. Two models were fitted for each outcome measure to adjust for potential confounding and to evaluate to what extent behavioral factors and medical conditions account for the effects of symptom burden beyond demographic factors alone. Model 1 adjusted for age, sex, race/ethnicity, education level, and proxy interview status; and model 2 further adjusted for smoking history, physical activity, BMI, individual medical conditions, total number of medical conditions, and cognitive function. In addition to cross-sectional analyses, the onset (incidence) of muscle weakness (grip strength, less than 16 kg in women and less than26 kg in men), 28 slow gait speed (lower than 0.6 m/s), 29 and poor lower extremity function (SPPB score, less than four) 23, 24, 30 were examined prospectively using clinically relevant cut points. General linear models with a binomial distribution and complementary log-log link function were used to examine the incidence of muscle weakness, slow gait speed, and poor lower extremity function as well as the incidence of recurrent falls, hospitalization, disability in basic ADLs, nursing home admission, and mortality. Only participants who did not have the outcome of interest at baseline were included in the time-to-event analyses (eg, older adults reporting a history of falls at baseline were excluded from models examining the incidence of falls). In addition, two models were fitted for each incident outcome with the same set of covariates that were specified in the cross-sectional analyses. For incidence of muscle weakness, slow gait speed, and poor lower extremity function, a third model was fitted to further adjust for baseline level of physical performance. Finally, as a sensitivity analysis, we excluded participants who died within 2 years of the baseline assessment and reran all the statistical models. All analyses were weighted and accounted for the complex sampling design. Data management and statistical analyses were performed with Stata SE, version 15 (Stata Corp, College Station, TX).
RESULTS
Three-fourths (75.0%) of community-dwelling older adults reported at least one of the six symptoms, and nearly half (48.3%) had two or more symptoms (Table 1) . Notably, 13.6% (an estimated 4.8 million older adults in the United States) had four or more symptoms. Supplementary Figure S1 shows that the prevalence of individual symptoms was substantial, ranging from 12.6% for anxiety to 52.9% for pain. For each symptom, there was a high co-occurrence with the other symptoms. Pain and fatigue were the most prevalent co-occurring symptoms (31.7%, 11.2 million older adults; results not shown in tables), exceeding what would be expected from the prevalence of these symptoms individually. The most common triad of symptoms included pain, fatigue, and sleep difficulty (13.4%, 4.7 million older adults; results not shown in tables). Table 2 shows that demographic and health characteristics varied according to symptom count at baseline. Symptom count generally increased with advancing age (see also Supplemental Table S1 ). Women were more likely to have more symptoms than men. Compared with white individuals, symptom counts were higher in black and Hispanic participants. Furthermore, older adults with lower levels of education had higher symptom counts than those with higher education levels. Current smoking, obesity, and sedentary behavior were also associated with higher symptom counts. As expected, each of the chronic medical conditions as well as the total number of conditions were associated with a greater number of symptoms. Cognitive function also decreased with higher symptom count. Finally, proxy respondents were more likely to report more symptoms than self-respondents.
Older adults with a greater number of symptoms were weaker, were slower, and had poorer lower extremity physical performance at baseline than those with fewer symptoms ( Figure 1 ). There was a graded association of total symptom count with each performance-based outcome, adjusting for demographic characteristics as well as when adjusting for specific chronic medical conditions, total number of conditions, and other health characteristics (Supplemental Table S2 ). Furthermore, the risk of developing clinically significant muscle weakness, slow gait speed, and poor lower extremity function over time increased significantly with greater number of symptoms (Table 3) . For example, among those with gait speeds of 0.6 m/s or greater at baseline, the risk of developing slow gait speed (lower than 0.6 m/s) over time was 1.8 times higher in older adults with four or more symptoms compared with those who did not report any symptoms at baseline, adjusting for demographic and health characteristics and gait speed at baseline (model 3, Table 3 ).
In addition to increased risk of poor physical performance over time, the incidence of recurrent falls, hospitalization, and disability in basic ADLs increased with greater symptom count ( Table 4) . Compared with older adults who did not report any symptoms, there was approximately a twofold higher risk of falls, hospitalization, and disability among those with four or more symptoms (model 2, Table 4 ). The risk of nursing home admission was also higher among those with greater symptom counts. Finally, there was a strong, graded relationship of symptom count with mortality. In sensitivity analyses, excluding participants who died during the first 2 years of follow-up did not meaningfully change the associations of symptom count with the clinical and physical performance outcomes (see Supplemental  Tables S3 and S4 ).
DISCUSSION
In this large, nationally representative study, there was a high burden of symptoms among community-dwelling older adults in the United States. Approximately half of older adults reported two or more of the six symptoms that we analyzed, and more than a quarter reported three or more symptoms. The impact of symptoms was substantial. Not only were older adults with multiple symptoms more functionally limited at baseline than those without symptoms, they also had greater risk for several major adverse outcomes over time, including slow gait speed, falls, hospitalizations, disability, and mortality. More important, the effects of having multiple symptoms on these outcomes were independent of disease burden and other health and demographic factors.
The current study findings are consistent with prior studies on symptoms in older adults that have examined cross-sectional associations with physical functioning as well as prospectively examined the risk of hospitalization and nursing home admission. [14] [15] [16] [17] [18] However, in contrast to previous studies with symptom counts ranging between 10 and 20,
14-18 the current study focused on six common physical and psychological symptoms. Although other symptoms, such as self-reported weakness or balance problems, are collected in the NHATS and were used in previous studies, we chose not to include them because we planned to investigate mobility-related functional outcomes. In addition, the current study adjusted for a comprehensive set of demographic and health characteristics that are known to predict adverse outcomes in older adults.
The size and consistency of effects that symptom count had on a diverse set of outcomes is noteworthy. There was a graded, dose-response relationship of symptom count with each of the outcomes examined. Consistent with prior conceptual frameworks of disability in later life, 31, 32 symptoms likely reflect multiple biopsychosocial processes and can have a more direct effect than diseases (pathology) on functional limitations and disability. For example, although concordance between knee pain and pathologic findings with imaging is variable, 33 knee pain often leads older adults to modify or reduce daily physical activities (ie, a cognitivebehavioral response) that increases risk for functional decline. [34] [35] [36] [37] Even when adjusting for specific individual chronic medical conditions and total number of conditions, symptom count remained a powerful predictor of slow gait speed (lower than 0.6 m/s), poor overall lower extremity function (SPPB score, less than four), and disability in basic ADLs. It is well established that older adults with limited mobility and self-care ability are more vulnerable to other adverse outcomes, including falls, hospitalizations, and mortality. [23] [24] [25] [26] 38, 39 Thus, symptom burden among older adults is potentially an important treatment target in the disablement process.
In view of the current study results as well as the findings from previous studies, greater effort is needed to evaluate whether improvements in symptom management can help prevent or delay functional decline among community-dwelling older adults. The set of symptoms examined herein should be ameliorable through routine physical activity. Indeed, symptom amelioration may be one of the mechanisms by which physical activity reduces adverse outcomes in older adults. [40] [41] [42] However, most physical activity intervention trials have not reported effects of exercise participation on the full range of symptoms that we have identified as prevalent and co-occurring. Greater attention to intervention effects on symptoms would be worthwhile as part of future physical activity research. Chronic disease self-management programs may also be valuable because they have some beneficial effects on cognitive aspects of symptom management. 43 In addition, palliative care approaches to symptom management that are used effectively in end-of-life care could potentially be applied in primary care settings, [44] [45] [46] although the sensitivity analyses demonstrate that the effects of co-occurring symptoms are not limited to the end-of-life period. Finally, systematic collection of symptoms and functional status indicators in electronic health records are needed to not only identify optimal treatment strategies through comparative effectiveness research, 47 ,48 but also to prompt primary care providers to proactively elicit, manage, and monitor symptoms. The current study has several strengths and limitations that should be considered when interpreting the results. First, case definitions of individual symptoms were based on one to two interview questions, reducing the specificity of symptom ascertainment than if more detailed symptom questionnaires were administered. However, the questionnaire items used in the NHATS have face validity, and previous studies have demonstrated the criterion validity and screening properties of several of the questionnaire items. 21, 22, 27, 49 In addition, the NHATS symptom questions are generally similar to ones used in previous studies of symptom burden in older adults. [14] [15] [16] [17] [18] A second limitation is that symptom reports are subject to recall bias. Other study limitations include the absence of data on disease severity or on medications, which can cause symptoms through adverse effects, and polypharmacy might be an important unmeasured confounder. A clear strength of the study is that the findings are generalizable to older, communitydwelling Medicare beneficiaries living in the 48 contiguous states. Furthermore, the current study prospectively examined the risk for a variety of outcomes relevant to the geriatric population.
The brief assessment of symptom burden used in NHATS offers a valuable, patient-centered perspective on the health status of older adults. As the population ages and the prevalence of multiple chronic conditions increases, [50] [51] [52] [53] the number and proportion of older adults with multiple heart disease/failure, myocardial infarction, diabetes, hypertension, stroke, dementia, total number of medical conditions, and cognitive function. c Model 3 was additionally adjusted for the baseline level of physical performance for the item being tested (grip strength, gait speed, or SPPB). CI = confidence interval; SPPB = Short Physical Performance Battery. chronic symptoms is likely to grow. Although it is widely accepted that treating symptoms is important to improving quality of life at the end of life (ie, palliative care), there is less appreciation for the potential predictive value of multiple, co-occurring symptoms in the general older adult population. In light of the current study, further multidisciplinary research on symptoms is needed to ultimately develop effective symptom management interventions.
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